Since World War II, approximately 80,000 new commercial synthetic chemicals have been released into the environment, with approximately 1500 new chemicals released annually. Most of these have not been adequately tested for their impacts on human health or their particular impacts on children and the developing fetus. Yet, children are exposed to hazardous chemicals through residues in their food, indoor and outdoor air pollution, and through household products and contaminated house dust. Many of these synthetic chemicals are persistent and bio-accumulative, remaining in the human body long after exposure. Developing fetuses acquire toxic chemicals that have bioaccumulated in the mother's body and readily cross the placental barrier. Babies are now born with many man-made chemicals in their small bodies. Newborns take in more through breast milk or formula. There are no tests to assess the combined impacts of the "chemical soup" to which children are exposed. WHO, UNICEF, and UNEP have reported a growing number of children's health impacts caused by exposure to hazardous chemicals, including asthma, birth defects, hypospadias, behavioral disorders, learning disabilities, autism, cancer, dysfunctional immune systems, neurological impairments, and reproductive disorders. WHO states that approximately 3 million children under the age of five die every year due to environmental hazards, and this is not limited to developing countries. All children, both in the developing and developed world are affected by exposure to hazardous chemicals. In 2004, the European Union's Ministerial Conference on Children's Environmental Health identified air pollution, unsafe water conditions, and lead exposure as the main culprits in the death and disabling of children in Europe. The conference found that by reducing exposure to hazardous chemicals, the lives of many children could be saved. The key issues in children's environmental health and potential policy and management remedies are examined from both national (Australian) and international perspectives.
lead, mercury, arsenic, mycotoxins and hazardous chemicals in the workplace.
-World Health Organisation (WHO), International Labor Office (ILO), United Nations Environment Program (UNEP) 2 
The Problem
Since World War II, approximately 80,000 new synthetic chemicals have been manufactured and released into the environment, with approximately 1500 new chemicals being introduced each year. The vast majority of these have not been adequately tested for their impacts on human health or their particular impacts on children and the developing fetus. Yet, children are exposed to hazardous chemicals through residues in their food, indoor and outdoor air pollution, and through household products and contaminated house dust. Many of these synthetic chemicals are persistent and bio-accumulative, remaining in the human body long after exposure. The developing fetus takes in toxic chemicals that have bio-accumulated in the mother's body and that readily cross over the placental barrier. Babies are now born with many synthetic chemicals already present in their small bodies.
a Newborns take in more in through breast milk and formula. There are no tests to assess the combined impacts of the chemical soup to which children are exposed.
a For example see Environmental Working Group, Body Burden-The Pollution in Newborns; A benchmark investigation of industrial chemicals, pollutants and pesticides in umbilical cord blood, July 14, 2005 Available at http://www.ewg.org/reports/bodyburden2/execsumm.php. In this study spearheaded by the Environmental Working Group (EWG) in collaboration with Commonweal, researchers at two major laboratories found an average of 200 industrial chemicals and pollutants in umbilical cord blood from 10 babies born in August and September of 2004 in U.S. hospitals. Tests revealed a total of 287 chemicals in the group. Also see 'A Present for Life; hazardous chemicals in umbilical cord blood.', a Report compiled for Greenpeace Nederland, Greenpeace International & WWF-UK September 2005(ISBN: 90-73361-87-7.). This study confirms that known or suspected hazardous chemicals from eight chemical groups are commonly present in umbilical cord blood. Available at http://www.panda.org/about_wwf/what_we_do/toxics/publications/ index.cfm WHO, the United Nations Children's Fund (UNICEF), and United Nations Environment Project (UNEP) have identified a growing number of children's health impacts from exposure to hazardous chemicals. These include asthma, birth defects, hypospadias, behavioral disorders, learning disabilities, autism, cancer, dysfunctional immune systems, neurological impairments, and reproductive disorders.
WHO has stated that approximately 3 million children under the age of five die every year due to environmental hazards, and this is not limited to developing countries. All children, both in the developing and developed world, are affected by exposure to hazardous chemicals. In 2004, the European Union's Ministerial Conference on Children's Environmental Health identified air pollution, unsafe water conditions, and lead exposure as the main culprits in the death and disabling of children in Europe. The conference found that reducing exposure to hazardous chemicals could save the lives of many children.
A Child's Unique Vulnerability to Chemicals
The unique vulnerability of children to hazardous chemicals is well recognized by WHO, UNICEF, and UNEP. 3, 4 Recent University of California research has shown that newborn children can be much more vulnerable than adults to the commonly used organophosphate pesticides chlorpyrifos (up to 164 times more) and diazinon (up to 65 times more). 5 Children are not simply little adults. Their bodies are still developing and their detoxification systems are immature. They react to hazardous chemicals differently from adults. 6 They are also more at risk because they have higher respiration and metabolic rates than adults, they eat and drink more per bodyweight, and they live life closer to the ground, crawling, digging in dirt, and putting objects in their mouths. In the debate about the level of risk to children, there is a strong focus on the regulatory decisions about how much dirt a child eats per day (pica event). Australia assumes 100 mg of soil ingestion per day, while the U.S. Environmental Protection Agency (USEPA) factors in up to 5 g of soil ingestion. Being unaware of chemical risks, children are less able to protect themselves from exposures, and higher skin absorption rates may also result in a proportionally greater exposure.
Children's detoxification systems and ability to excrete toxins also differs from those of adults. While at times this can offer greater protection, it can also increase vulnerability, for example, where a metabolite is more toxic than the original contaminant. Should the enzyme systems responsible for detoxification be damaged early in life, the result can be a lifetime of disabling chronic illness. The timing of chemical exposures is also significant. Recent research has shown that babies and children experience particular "windows of susceptibility" in their development. 7 If exposures occur during critical times, it may contribute to health problems much later in life; for example, exposure to dioxin in utero can produce disabilities in neurological function and learning ability well into childhood. [8] [9] [10] Similarly, it has long been known that lead can cause delinquency and reduced IQ. 11, 12 New evidence links even low levels of lead [that is, the current "acceptable" level of 10 micrograms per deciliter (μg/dL)] with an average loss of 7.4 IQ points by comparison with preschool children whose lifetime average blood-lead concentrations remained at 1 μg/dL. 13 In addition to the known links with hearing loss, poor reading, writing and mathematical ability, reduced lifetime earnings, and reduced growth, balance, and proprioreception (spatial sense of body) problems, and so on forth, childhood lead exposure has also been linked with osteoporosis later in life, and fetal lead exposure is now thought to be a contributing factor of schizophrenia. 14, 15 Early exposure to other endocrine disruptors can affect an individual's immune function or ability to reproduce. The U.S. Centers for Disease Control and Prevention (CDC) have reported an increase in the percentage of severe cases of hypospadias. 16 One causal factor being investigated is hormone disruption (in the form of reduced testosterone), caused by synthetic endocrine-disrupting chemicals, at a critical time in fetal development. Studies also suggest that early exposure to carcinogens can increase the risk of developing cancer later in life. 17 The European Union has launched a new 5-year 15 million euro research project to investigate the connection between childhood cancer and immune disorders and exposure to chemicals in food and the environment. 18 The study will examine maternal exposure during pregnancy to carcinogenic and immunotoxic chemicals and their subsequent effect on young children.
Is There a Problem for Australian
Children?
While there has been a very limited assessment of chemical exposure of Australian children, there is clear evidence of widespread contamination of children in the European Union, United Kingdom, and United States. Childhood cancers are increasing in the developed world, including Australia, where the incidence of asthma is also escalating. Studies in Europe and the United Sstates have identified a wide range of chemicals in umbilical-cord blood as well as in children. 19, 20 These include artificial musks, alkylphenols, bisphenol-A, brominated flame retardants, perfluorinated compounds, phthalates, and triclosan. All are found in common products used every day in the home and school; such as cleansers, computers, toys, lotions and perfumes, cookware, clothing, and carpets. Some like the perfluorochemical, perfluorooctanesulfonate (PFOS) and pentabrominated diphenylethers (Penta-BDE) are currently being assessed for inclusion in the Stockholm Convention on Persistent Organic Pollutants (POPs) 2001.
The CDC have been tracking human exposure and released their second National Report on Human Exposure to Environmental Chemicals in 2003. 21 The report presents exposure data from 1999 to 2000 for 116 chemicals and concluded that some chemicals like the phthalates, are now at levels in the human population at which health impacts would be expected. There is particular concern for babies, children, and women of childbearing age.
While little routine monitoring or testing of baby or children's blood has occurred in Australia, in 1998, doctors at Townsville Hospital tested the meconium (first bowel discharge) of 46 newborn babies and found a wide range of hazardous chemicals, including POPs and pesticides, such as chlorpyrifos. 22 Earlier in the 1990s, an Australian pediatrician concerned with a chronic illness in a group of children tested their blood for levels of POPs, persistent bio-accumulative toxins (PBTs) and other volatile compounds. A range of chemicals was detected in all the children's samples, including POPs pesticies, PCBs, hexachlorobenzene (HCB), benzene, and toluene. 23 Estimates based on the Human Health Risk Assessment of Dioxins for the Australian National Dioxin Program indicated that breastfed Australian infants are consuming many times the tolerable monthly intake (TMI) for dioxins and furans. In 2002, Australia recommended a TMI for Australians of 70 pg of dioxin toxic equivalent (TEQ) per kilogram of body weight per month. 24 At a crucial time in their development, 3-month old breastfed babies are consuming at least 16 times the TMI of total dioxins.
Persistent Bio-Accumulative Toxins of Concern
The following PBTs need, as a priority, to be surveyed in Australian umbilical-cord blood, meconium, and breast milk.
• Dioxins. 25 Deca-BDE has recently been shown to have the potential to break down in the environment and in animals to the smaller, more toxic penta-BDE, which is more bio-accumulative. 26 PBDEs have been found in umbilical-cord blood, breast milk, and breast fat, as well as adult blood and fat. [27] [28] [29] [30] [31] A study of PBDEs in Australian adult blood found concentrations higher than those reported from Europe, the United Kingdom, and Japan. 32 Similar high levels of PBDEs were found in Australian breast milk. 33 A Norwegian PBDE study found higher levels in 4-year-olds than in adults. 34 PBDEs have also been detected in house dust from 27 homes at up to 25 parts per million (ppm) due to off-gassing of treated products and furnishings. 35, b Wipe samples from computers universally b See also Environmental Working Group (EWG) Report "In the Dust: Toxic Fire Retardants in American Homes" available at http://www.ewg.org/reports/inthedust/. The study found high levels of PBDEs in dust samples taken from houses in the Washington metropolitan area. The levels of the chemical components of deca, the most widely used of the PBDE mixtures, ranged from 160 parts per billion to 8700 ppb. Levels of penta, the second-most widely used mixture, ranged from 200 to 25,000 ppb. The EWG study also found high PBDE levels in dust samples from 10 homes around the country. The average combined levels of deca, penta and octa for nine of the homes was over 4600 ppb. 37 Recent testing has shown that PFOS and PFOA concentration in the blood of adult Australians is high compared to the findings of studies in other countries. 38 The USEPA review of PFOA used in Teflon manufacture 39 found that it accumulates in the blood system and poses a risk for childbearing women. According to their preliminary risk assessment, the estimated exposure range for humans, based on rat studies, has already overlapped with what the USEPA deems unacceptable for toxic substances. While PFOS is restricted in Australia to essential uses in the firefighting industry, PFOA is subject to only voluntary action. PFOS has been nominated as a new POP, and is currently being assessed by the Stockholm Convention's Persistent Organic Pollutants Review Committee.
• Metabolites of Organophosphate Pesticides (e.g., chlorpyrifos). Organophosphates are severe neurotoxins and damage the central nervous system. The USEPA review of chlorpyrifos acknowledged that the insecticide and its metabolites had been found in the urine of 89% of children tested in one U.S. study. 40 Dow AgroSciences' 1998 data showed the chlorpyrifos metabolite, TCP-3,5,6-trichloro-2-pyridinol, in 100% of a sample of 416 U.S. children (0-6 years). 41 A 1998 study in regional Australia showed chlorpyrifos was present in the meconium (first bowel discharge) of 59% of newborn babies. 42 Chlorpyrifos is widely used in agriculture and for termite and insect control.
• Phthalates. Phthalates are used as plasticizers or softening agents in vinyl products, including furnishings, floor coverings, medical devices (e.g., catheters, IV, and blood bags), baby feeding bottles, toys, teething rings, food wrap, cosmetics, perfumes, soaps, lotions, and shampoos, and are also added to insecticides and adhesives. Diethylhexyl phthalate (DEHP) has been shown to migrate into food from certain food wraps during storage. Some phthalates are hormone disruptors, immunotoxins, cancer promoters, and are reproductive and developmental toxins. [43] [44] [45] DEHP has been classified as a probable human carcinogen by the USEPA. Phthalates have been detected in the blood and urine of children in the United States and the European Union. The presence of phthalates in children's toys, teethers, and in dust may indicate that children are at particular risk. The U.S. National Toxicology Program (NTP) has expressed concern over the potential adverse development of babies born to pregnant women who are exposed to DEHP, the most widely used phthalate plasticizer, at the normal levels estimated for an adult. 21 UNICEF is a member of HECA, and through its program on water, environment, and sanitation, attempts to protect the environment for children's health. UNEP has also been active in children's environmental health issues, working closely with UNICEF and WHO. UNEP is a core member of HECA and also serves as the Secretariat for many chemical conventions. In this role, it has been able to work with governments to help ensure that children's environmental health issues are addressed in the development of international agreements on chemical management. In the Stockholm Convention on Persistent Organic Pollutants 2001, children and their specific needs are referenced; for example, in Article 7 on implementation, parties are obliged to consult their national stakeholders, including women's groups and groups involved in the health of children.
Protecting children was also a focus of the recently developed Strategic Approach to International Chemical Management (SAICM). The High Level Declaration adopted at the International Conference on Chemical Management in February 2006 states that the signatories "are determined to protect children and the unborn child from chemical exposures that impair their future lives." The Over-Arching Policy Strategy's Statement of Need acknowledged that "risk reduction measures need to be improved to prevent the adverse effects of chemicals on the health of children, pregnant women, fertile populations, the elderly, the poor, workers and other vulnerable groups and susceptible environments." Unfortunately, some of the activities associated with the SAICM Global Plan of Action relating to the Section on Children and Chemical Safety were blocked by the United States and a small number of other countries. Of particular concern were the activities regarding the chemical composition of children's products and toys. International actions to stop manufacturers "marketing products containing substances that have or may have adverse effects on children's health," for example, phthalates of concern and certain fragrances, were blocked.
Since 2000, several international reports on children's environmental health have been prepared, including a review of children's health and environment, undertaken by the WHO, the European Environment Agency, UNEP, UNICEF, and the Intergovernmental Forum on Chemical Safety (IFCS). 3, 51, 52 In 2003, the fourth session of the IFCS held in Thailand and attended by 126 governments, agreed on a range of actions and recommendations to protect children from chemical exposure. 53 These included:
• 
Legislating for Children
Few countries have legislated to protect children's environmental health, although a number like Canada and the European Union are investigating new options. However, the United States has enacted legislation, The Children's Environment Protection Act 1997, that aims to protect children from exposure to environmental pollutants. The act requires USEPA standards to be set at levels that protect children and other vulnerable groups, including the elderly, pregnant women, and people with serious problems. Children are defined as 18 years of age and under.
The legislation requires the USEPA to consider all environmental health risks to vulnerable subpopulations in risk assessments, environmental and public health standards, and regulatory decisions. The act also requires the development of a list of USEPA-recommended "safer for children" products and chemicals that minimize potential risks to children. The agency has set up a Specialist Office of Children's Health Protection to set health standards to ensure the protection of children and vulnerable subpopulations. The statutory Children's Health Protection Advisory Committee has the making of annual recommendations to the USEPA on standards that need reevaluation as one of its objectives.
A number of state acts support these moves; for example, the Washington State Children's Pesticide Right-to-Know Act (SSB 5533). This act requires that school districts post notices warning students and staff whenever pesticides are used in and around schools, and provide advance notification to interested parents.
Regulations under the U.S. Residential Lead-Based Paint Hazard Reduction Act of 1992-Title X, require the disclosure of leadbased paint hazards in target housing that is offered for sale or lease. The preamble to the act states that "low-level lead poisoning is widespread among American children, afflicting as many as 3,000,000 children under age 6" and "the health and development of children living in as many as 3,800,000 American homes is endangered by chipping or peeling lead paint, or excessive amounts of leadcontaminated dust in their homes."
Next Steps in Protecting Children's Environmental Health in Australia
PBTs represent a real and urgent threat to children's environmental health and our obligations to intergenerational equity. In the face of the current chemical body load of children in the developed world, urgent and precautionary responses are required from government, industry, and the community. The National Toxics Network has recommended the following actions for Australia.
Recommendations for Action
• Establishment of a national specialist office for children's environmental health; 
